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© An optical switching device includes a transparent optical waveguide (31), a plurality of light emitting 
elements (33o - 33too) provided on the optical waveguide for producing wavelength-multiplex optical signals, a 
plurality of diffraction gratings (32o - 32ioo) provided on the optical waveguide in correspondence to the light 
emitting elements for causing a diffraction of the wavelength-multiplex optical signals supplied thereto, and a 
plurality of photodetection elements (34o - 34ioo) provided on the optical waveguide in correspondence to the 
paths of the optical beams diffracted by the diffraction gratings, wherein the pitch (Ao - A100) of the diffraction 
gratings is optimized with respect to the position of the photodetection elements (zo - aioo) Such that optical 
signal components having the same wavelength reach the same photodetection elements from the plurality of 
diffraction gratings. 

FIG.3 
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BACKGROUND OF THE INVENTION 

The present invention generally relates to optical telecommunications and more particularly to an «ntir*i 

. ^r„zc 1 o::rjpZr- mu '" w ~ M — *— — » • 

With the development ol optical telecommunications, there is a demand (or an optical switchino device 

by . nuS sig, »' ™ ■ *» »*• «»"» ■ <^mLc^S£SS2 
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multiplex signal may be achieved by using a multilayer filter that selects a particular wavelength as a result 
of Bragg diffraction, it should be noted that such a multilayer filter is not suitable for use in the broadcast 
type waveguide, as the optical signals arrive at the input/output ports in such a broadcast type waveguide 
with various angles of incidence that range from 0" to 90* . 

It is also possible to separate a wavelength-multiplex optical signal into a plurality of optical signal 
components by providing a diffraction grating at an end of a single ridge waveguide that guides the 
wavelength-multiplex signal therethrough, such that the optical signal components thus separated travel 
through respective optical waveguides as proposed by Fallahi, M. ( op. cit. Such a construction, however, 
has a drawback noted previously in that it is necessary to cascade a large number of optical couplers in 
order to inject optical signals into the ridge waveguide to produce a wavelength-multiplex optical signal 
therein. Further, such an approach is difficult to be adopted in constructing a multiple bit optical switching 
device in which a plurality of wavelength-multiplex signals corresponding to multiple bit data are processed 
by respective ridge waveguides that are stacked with each other in correspondence to each bit. 

Meanwhile, there is an optical bus of ultra-high speed computers that has a function similar to the 
optical switching device under consideration. 

FIG.2 shows the construction of such an optical bus proposed previously. 

Referring to FIG.2, the optical bus is constructed from an optical waveguide 21 having substantially 
parallel upper and lower major surfaces, wherein the waveguide 21 supports thereon a substrate 22 that in 
turn carries a plurality of parallel processors 23. The substrate 22 further carries light emitting elements 23a 
and photodetection elements 23b in correspondence to the plurality of processors 23, wherein each of the 
light emitting elements 23a injects the output of the processor 23 into the optical waveguide 21 in the form 
of optical signal. The optical signal thus injected is guided through the optical waveguide 21 by causing a 
multiple reflection between the upper and lower major surfaces and is detected by the foregoing 
phcfooteteeiton=etement(s) 23b. In order to facilitate the injection as well as the detection of the optical 
signals, the optical waveguide 21 is provided with microlenses 21a in correspondence to the light emitting 
devices 23a and the photodetection devices 23b. 

Thus, it will be noted that the optical waveguide 21 of FIG.2 falls in the category of the broadcasting 
type waveguide and cannot avoid the problem of diffusion of the optical signals in the optical waveguide as 
well as the problem of decrease of the reception signal level associated with such a diffusion. Further, such 
a construction has a drawback in that it is difficult to provide wavelength selection function to the 
photoreceptor device. 

SUMMARY OF THE INVENTION 

Accordingly, it is a general object of the present invention to provide a novel and useful optical 
switching device wherein the foregoing problems are eliminated. 

Another and more specific object of the present invention is to provide an optical switching device 
having an optical waveguide supplied with a plurality of wavelength-multiplex optical signals for guiding 
each optical signal component forming the wavelength-multiplex optical signal along a ray path that is 
pertinent to the optical signal component and a plurality of photodetection elements provided on the optical 
waveguide in correspondence to each of the ray paths of the optical signal components, such that the 
switching of the wavelength-multiplex optical signals is made as a result of switching of the optical signal 
components forming the wavelength-multiplex optical signals. 

Another object of the present invention is to provide an optical switching device having a plurality of 
input ports for receiving a plurality of wavelength-multiplex optical signals, said optical switching device 
separating each of said plurality of wavelength-multiplex optical signals into a plurality of optical signal 
components each having a wavelength corresponding to a channel of the wavelength-multiplex signals, 
such that each of said plurality of optical signal components is directed to a corresponding one of a plurality 
of output ports provided in correspondence to the wavelengths of the optical signal components forming 
said wavelength-multiplex signals, said optical switching device comprising: 

an optical waveguide formed of an optically transparent medium; 

a plurality of light emitting elements provided on said optical waveguide as said plurality of input ports, 
each of said light emitting elements producing a wavelength multiplex optical signal that includes therein a 
plurality of optical signal components having respective, mutually different wavelengths and injecting said 
wavelength-multiplex optical signal into said optical waveguide along a ray path that is pertinent to said 
wavelength-multiplex optical signal; 

a plurality of photodetection elements provided on said optical waveguide at respective positions that 
are offset from said plurality of light emitting elements as said output ports, said positions of said 
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photodetection elements corresponding to the wavelengths of said optical signal components formino said 
Zt: 9 7 T* T iCal Si9na ' S - 6aCh °' S3id P ho '°^'-,ion elements detecting^ signa cZolnem 
SiSSSTJS!; a"' «** WaV " Uide ^ ^ 3 WaVel9n9,h 9 <° t he 9 po S ,o°n oTS 

n af h a ^' Ura ! ity h . 0< di,fraCti0n 9ratin 9 s each P rovided °" said optical waveguide in correspondence to a rav 

waveilVm , e r ,t,,n9 T m T inC ' Uded i0 Said P ' Ura,ity of ,i9ht emittin 9 dements , or sepJa,i ng a 
wavelength-mult. P lex s.gnal mcident thereto along said ray path, into a plurality of optical signal corTponents 

Z7ZZlTcZ aVelB T;r KP[eX Si9na '' S3id di " raCti0n 9ratin 9 Causin 9 a o?said pTu^ o 

TncSld in 3 1 nT" r! r T* f P3ra,ed ,0 res P ectiv ^ corresponding photodetection elements that are 
included in said plurality of photodetection elements- 

n ra t-n her -! i K eaC '], 0 I Sa ' d P ' Urali,y ° f diffraction 9rating S has a position on said optical waveguide and a 

.inn^ic , 9 PreS6nt ,nVen,i0^ • " iS p0SSible ,0 de ™'"P'e* the incident wavelength-multiplex Seal 
signals into respective optical signa. components by means of the diffraction gratings L arr P rovlaSTn 
the optical waveguide at respective positions with respective grating pitches Therehv tiZ^T, , 
components thus demultiplexed are directed ,0 respect photcS^ 

mTZZT! H reSPeCt , iV8 P ° Siti0nS corres P°" di "9 «° the wavelengths of the optica.^nTco^ 
nents constrtutmg the wavelength-multiplex optical, signals. In the optica) switching device of such » 

SirS?!; dm V °? 9r8tinaS Pr ° dUCe dif,raC,i ° n beamS in « he *™ « ily defined opL a 
beam and rt .s poss.ble to maximize the S/N ratio of optical switching by providing ttie pho^etec Z 

Ser it r m T, P °f i0nS " Bh r6SpeCt ,0 *• dif,rac,i0 " -earnsfrom the S^E^E? 

Further, it ,s poss,ble to suppress the cross-talk between the optical signal components of adSnt' 

^S nn T bY PTOVidin9 3 mU,t,lay9r m&r t0 eaCh of «» P^odetec^ion e.emeT £ 2. 
orob.^ ? 9rat '" 9 ,t a ; e Pr ° vided on 1,18 °P tol waveguide at respective, mutually different posLns tS 

S a^o fromTi^ V T ™ ^ ™^ upon a 3 ffmcZ 

dSon L, !n emitting element that is different from the light emitting e.ement that corresponds to the 
d.ffract,on grating under cons .deration. It should be noted that such a "stray optical beam" has an anqle ol 
SSSS^T* 1 * 9fa,in9 UOder which is different from the Se o 

ZnJS ,h ♦ P Per . ° Pt,Cal beam ** iS incident t0 ,he d i«fracton grating from a proper light emittina 
element that corresponds to the diffraction grating. Thus, the stray optical beam I oWracted with a 

21 P ™ e ^°« element. Urther> " ,S P 085 * 16 to reduce ,he diffusior « o< the optical beam emitted from 
ll 9 nKT m9 K r en !f ft,rther b/ PrOVidin9 3 miCrolens in correspondence to each of the STSSj 
i™- . swrtchmg device of such a construction, it should further be noted that each of the 

r7pM~Z e XZ« P,e « S P,iCal 1 9 " alS h " S 3 C "~ diffraCti0n ^ a "<* travel a^ a 
ZsulZ ^ ■ rt ' S "° l ° n9er to P^We an optica, input unit having a Leaded 

o^ZTZ ° Ph r T P ' erS 10 inieCt ° ptical s*™ 1 * into a si "9'« optical waveguide such as an 

STcomp^size' 80 WaVeQUid9 - ^ ,hS ^ "**""» device of ^ P r ^"« -emion 

the '^LT 5 " 5 ' 6 , ° !l Se Vari ° US media " uch aS a 9lass slab ' a semiconductor substrate or a plastic slab for 
*e optca wavegu.de. In a typical construction, a semiconductor substrate carrying thereon the ^igh 

^^Z T^r^^l^T^^ ' S - SUCh a inductor sub!Le 9 2 

«°Z^ T P SUrfaC0 01 slab ,hat acts 88 *e «Vtical waveguide. By providing a 

sawtooth surface on a second, opposing principal surface of the slab, with a pitch of the saw teto 

Xc^nof?h t0 ^ PitCh ° f *° r ' 9ht eminin9 e,emen,s on ^-bstrate.- it CJ-H ^ to^oS a 
Ki^^??t^ ^ Si9nab 85 d6SCribed - Such a Action. .^h?uld 
Z^IS^S sui a^L 8 d,ffraCti ° n 9rat,n9 WUh 8 « ratin9 P« Ch different j " ^h saw 

Zli!!? . '' • ^ Slab may carry a sin9le oblit 1"e principal surface inclined with respect to the 
forego.ng f.rst pnncpal surface. In this case, a number of diffracfion gratings are prodded on suS.^n 
hal a n^ nC,Pa k"^ 6 in to™ 5 ^™* t° «"> "flht emitting e.emente suc^ that ^ch dMor T^rl 
has a grafng p,tch pertinent thereto. Such a construction is simple and can be fabricated e^Hv Furtnfr ft 

zzszz st" 01 ^ op r switch,n ° device such ** the K9ht ^^ss^iSt; 

IZrt ^ J . °" the ° ptical waveguide to form a number of layers. Thereby it is pos^bTe to 

swrtch each bit of a multiple bit optical signal simultaneously possible to 

d^J^H ° bieC ^ S ^ ' Urther fea,ureS ° f the present inventior » will become apparent from the followina 
deta,led desenpton when read in conjunction with the attached drawings. following 
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BRIEF DESCRIPTION OF THE DRAWINGS 

FIG.1 is a diagram showing the schematical construction of a conventional optical switching device; 
FIG. 2 is a diagram showing the construction of a conventional optical bus of a computer, 
s FIG.3 is a diagram showing the construction of an optical switching device according to a first 
embodiment of the present invention; 

FIG.4 is a diagram showing the diffraction caused by a diffraction grating provided on the optical 
switching device of FIG.3; 

FIG.5 is a diagram showing the wavelength-dispersion of the diffraction grating of FIG. 4; 
jo FIGS.6A - 6C are diagrams showing the separation of a wavelength-multiplex optical signal into 
respective optical signal components; 

FIG. 7 is a diagram showing the essential part of the optical switching device according to a second 
embodiment of the present invention; 

FIG.8 is a diagram showing the transmittance of an optical filter used in the embodiment of FIG. 7; 
15 FIG.9 is a diagram showing the wavelength-dispersion in the optical switching device of FIG. 7 on which 

the optical filter having the characteristics of FIG.8 is provided; 

FIG.1 0 is a diagram showing a modification of the optical switching device of FIG.7; 

FIG.1 1 is a diagram showing the construction of a multiple bit optical switching device according to a 

third embodiment of the present invention; 
20 FIG.1 2 is a diagram showing an example of an optical switching system that uses the optical switching 

device of FIG.1 1; 

FIG.1 3 is a diagram showing a modification of the optical switching device of FIG.1 1; 
FIGS.14A and 14B are flowcharts showing the process for optimizing the position of the photodetection 
elements in trie optical ^swrtctw^^dewoe with respect to the position and pitch of the diffraction gratings; 
25 FIG.1 5 is a diagram showing the construction of an optical switching device according to a fourth 
embodiment of-the present invention; 

FIGS.16A - 16C are diagrams showing the wavelength-dispersion of the optical switching device of 
FIG.1 5; 

FIG.1 7 is a diagram showing the construction of a muftilayer dielectric filter used in the optical switching 
30 device of FIG.1 5; and 

FIG.1 8 is a diagram showing the wavelength-dispersion of the optical switching device of FIG.1 5 for the 
case in which the multilayer dielectric filter of FIG.1 7 is provided thereon. 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

35 

RG.3 shows the construction of an optical switching device according to a first embodiment of the 
present invention. 

Referring to FIG.3, the optical switching device is constructed on a slab 31 of a transparent medium 
such as glass, wherein the slab 31 has a first edge surface 31a on which a laser diode array 33 including a \ 

40 plurality of laser diodes 33o - 33too and a photodiode array 34 including a plurality of photodiodes 34o - 
34ioo are provided. In the illustrated example, it should be noted that the laser diode array 33 includes 101 
laser diodes 33o - 33ioo disposed on the edge surface 31a at respective positions yo - yioo with a mutual 
separation of 100 urn. Thereby, each of the laser diodes 33o - 33ioo produces a wavelength-multiplexed 
optical signal containing therein optical signal components having respective wavelengths Xo - M oo that are 

45 set in a range of 1285 nm - 1335 nm with a mutual wavelength separation of 0.5 nm. The wavelength- 
muftiplexed-optical-signals thus produced are emitted to the optical waveguide from the laser diodes 33o - 
33ioo along respective ray paths. In the illustrated example, the laser diodes 33o - 33too are provided on a 
common semiconductor substrate 33 M . which in turn is bonded upon the foregoing edge surface 31a of the 
slab 31 by means of adhesive. One may use a simple glass slab or transparent plastic plate for the slab 31. 

so Alternatively, it is possible to use a construction in which a core layer of high refractive glass is sandwiched 
by a pair of glass dads having a. lower refractive index such that there occurs an optical confinement in the 
core layer. 

In the illustrated optical switching device, it should be noted that the slab 31 has a second edge surface ' 
3lb at an opposite side of the edge surface 31a. wherein the edge surface 31b carries thereon a number of 
55 toothed regions 31 ci - 31cioo provided with a pitch of 100 urn in correspondence to the laser diodes 33o - 
33ioo included in the laser diode array 33. In FIG. 3. the toothed regions 31 ct - 31Cioo collectively form a 
toothed region 31c. It should be noted that the toothed regions 31 ci • 31cioo are provided on the edge 
surface 31b at respective positions xo - xioo corresponding to the positions yo - yioo such that each of the 
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» "Z' IfSf* °t """ 0, " ^ • C,iO,, ='*""»= 32 » - 32 '" rajpactlv. a , Mlno WMl _ . 

SSSSr E"2L3' T ° n 6(199 SUrfaCe 313 a '° n 9 a ra * P*» *o*n ■» Fl ° 3 by a broten £ 
«TtoU JZ? JZ« ™TT °' wavele "9^""iP>ex optica, signal having tte jTe 

laser c^oies 3^, 4 eXamP ' 9 °* *° relationshi P ^een the positions y„ - yiM of the 

dXc3o^ g r^ S "2 00 3i ^hT * ; X,0 ° COrres P°" di "9 Siting pitches A„ - Lo of the 

of TABLE ? TS« m k! : !T 9 P 081 *' 005 * " z 'oo of the photodiodes 34o - 34 100 -|n the example 
9 aS fSii t ! ^ ,h ° di - ,fraC,i0n 9ra,in9S are ,0rmed with a P^-ion of d nrn foMhe 

SSSCT^-yS rop^^e 1 ^ ^ - P0Si,iW1S * " h " —V of 



TABLE I 



LD#y(mm) 


x(mm) 


A(nm) 


PD# 


z(mm) 


#00.0 


178.2 


695.8 


#0 


54.5455 


#494.9 
#505.0 


175.2 
175.0 


685.1 
685.0 


#49 
#50 


49.6113 
49.5105 


#10010.0 


171.7 


674.2 


#100 


44.4637 
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In the construction of FIG.4, it should be noted that the slope 31c that carries the diffraction grating 32 
intersects with the optical beams emitted from the laser diodes 33o - 33ioo obliquely. Thus, the optical 
beam emitted from the laser diode corresponding to the sawtooth region 31c and carrying a wavelength- 
multiplex optical signal thereon impinges upon the diffraction grating 32 with a predetermined incidence 

5 angle Go. wherein the optical beam thus incident upon the diffraction grating 32 experiences a diffraction 
with a predetermined diffraction angle 6 di fi that is determined by the incidence angle Go, the wavelength x 
of the optical signal component in the wavelength-multiplex optical signal and the pitch A of the diffraction 
grating. In the illustrated example, the slab 31 has a refractive index no of 1.57 and the optical beam 
impinges upon the diffraction grating 32 with an incidence angle Go of 45*. In other words, each of the 

io sawtooth regions 31Co -31cioo provides a slope on which the diffraction grating is formed, such that the 
slope forms an angle of 45* with respect to the ray path of the optical beam incident thereto from the 
corresponding laser diode. 

FIG. 5 shows the wavelength-dispersion of the optical signal components separated by such a diffraction 
grating, wherein the illustrated example shows the intensity distribution of the optical signal components that 

/s are detected by the photodiode 34s o- It should be noted that the photodiode 34s o is disposed so as to 
detect the diffraction beam having the wavelength X 5 o of 1310 nm. As will be noted from FIG. 5, one can 
obtain a selectivity of about 10 dB for the optical signal component having the foregoing wavelength of X 5 o 
with respect to the optical signal component of which wavelength is offset with respect to the wavelength 
X 5 o by 5 nm such as the optical signal component having a wavelength Us (=1309.5 nm) or the optical 

20 signal component having a wavelength X 5 i ( = 1310.5 nm). 

FIGS.6A - 6C show an example of detecting the optical signal components from the wavelength- 
multiplex optical signals emitted from the laser diodes 33o, 33so and 33ioo by means of the laser diodes on 
the edge surface 31a, wherein FIG.6A shows the case in which an optical signal component having a 
wavelength of 1335.0 nm (shown by a c^tinLious line)_^and an optical signal component having a 

25 wavelength of 1334.5 nm (shown by a broken line) are detected by the photodiode 34ioo and the 
photodiode 34^9. while FIG.6B shows the case in which optical signal component having a wavelength of 
1310.0 nm (shown by a continuous line) and an optical signal component having a wavelength of 1309.5 nm 
(shown by a broken line) are detected by the photodiodes 34s o and 34*9. Further, FIG.6C shows the case 
wherein an optical signal component having a wavelength of 1285.5 nm (represented by a continuous line) 

30 and an optical signal component having a wavelength of 1285.0 nm (represented by a broken line) are 
detected by the photodiodes 34i and 34o. 

Referring to FIG.6A, the continuous line represents the wavelength-dispersion characteristics of the 
optica] signal component having the wavelength of 1335.0 nm while the broken line represents the 
wavelength-dispersion characteristics of the optical signal component having the wavelength of 1224.5 nm, 

as wherein it will be noted that each of the continuous line and the broken line has a range or band 
corresponding to the error in the incidence angle of the optical signal components to the photodiodes 34i oo 
and 3499. Such an error arises due to the error in the positions yo. yso or yioo of the laser diode 33o, 33so 
or 33ioo. More specifically, such an error occurs as a result of rounding of the grating pitch A and the 
position x of the diffraction grating respectively at the precision of 0.1 nm and 0.1 mm and can be 

40 minimized by optimizing the diameter of the photodiode used for detection or by integrating the photodiode 
and the microlens. A similar band is observed also in FIG.6B and FIG.6C. 

As Indicated In FIGS. 6A - 6C, each of the photodiodes are disposed at a position that minimizes the 
intensity of the optical signal component of the adjacent channel. For example, the photodiode 34ioo is 
disposed in FIG.6A at a position in which the intensity of the optical signal component having a wavelength 

45 of 1334.5 nm and corresponding to the adjacent photodiode 34s 9l becomes minimum. Similarly, the 
photodiode- 3499 is formed at a position in which the intensity of the optical signal component having the 
wavelength of 1335.0 nm and hence corresponding to the photodiode 34ioa. becomes minimum. A similar 
relationship holds, also between the photodiodes 34so and 34+g of FIG.6B as well as between the 
photodiodes 34i and 34o of FIG.6C. By optimizing the position of the photodiodes 34o - 34ioo as such, it is 

so possible to minimize the cross-talk between different wavelength channels. On the other hand, the 
relationship of FIGS.6A - 6C indicates also that suppression of the cross-talk beyond the foregoing ratio of 
about 20dB is difficult even when the position of the photodiodes is optimized ideally. In other words, the 
construction of the optical switching device that uses the diffraction grating of FIG.3 alone cannot suppress 
the cross-talk at the photodiodes 34o - 34ioo beyond 20 dB. 

55 FIG.7 shows the construction of the optical switching device according to a second embodiment 
wherein the suppression of cross-talk is improved, wherein it should be noted that FIG.7 indicates only the 
essential part of the embodiment 
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50 



provided on a substrate^M that cZls ttn^ar ZesJZ ^'1^ Ph ° t0diOdeS 34 ° « 
tnangu.ar projections 31 P such tha, each ofCl3SSS^lSi^l ,n C 3 0 " esp ° nd 7=* <° "» 
corresponding triangular proiection 3 1p. ,„ the iHustrated'examJ e Tt SSd^n^S? JT?" 3 

optical s.gnal deviates from the central wavelength of the filter by 5 nm wave| ength of the mcdent 

wiring unit 103 carries «nteTZS 

terminals #0 - #100 Therehv th« . .\7 1 ° 3 ' 00 11,31 ^ to the foregoing 

computer P ^ $W ' tCh,n9 deviCe form a ^communication system or buTof a 

diode array 101a as MU^TmT^M- *' d,0de f0min ° * e ^c-d^ensional layer 

from the taer 25 from c^usTna a diff.,!o "2 ^ ' * * e ' iminate «» 

m.croienses fe ^^^^S^ "IT T" 9 h^"' Th9 ° hip 101 such 
in the mu„ip,e bit data is" Z£ Z^s^l? ^ ^ ^ ^ ° f 

of the^di^es'at ^ ""SS^ determinin9 0,8 re ' a,i0nShi P *• Positions y 0 

x, 00 of the ^^i^Si^^"— ^ " "~ - 
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Referring to FIGS.14A and 14B, the mutual separation Ay is determined for the laser diodes 33o -33ioo 
in a step 1 based upon a reference wavelength Xo and the wavelength separation AX and the number of 
channels M in the wavelength-multiplex signals. The reference wavelength x 0 may be thereby set to be the 
shortest wavelength of the optical signal component that constitutes the wavelength-multiplex optical signal. 

Next, in a step 2, the wavelength of each channel is determined, based upon the reference wavelength 
Xq. the wavelength separation AX and the number of the channels M that have been determined in the step 
1 , according to the equation 

X| = Xo + j*AX (j= 0, 1, ... M), 

wherein the value of M is set to 100 in the example of FIG.3. 

Further, the position y 0 of the laser diode 33o corresponding to the reference wavelength Xo is 
determined acccording to the relationship 

'5 yj = y Q + i*Ay (i = 0, 1 N) 

wherein the value of N is also set to 100 in the example of FIG.1. 

Next, in a step 3, the grating pitch A m and the position x m of the diffraction grating 32 m corresponding to 
an arbitrary laser diode 33 m , as well as the incidence angle Go and the refractive index no of the slab 31 , 
20 are determined. 

Further, in a step 4, the positions zj"^" 1 , . . . z M m of the photodiodes 34o - 34 M corresponding to the 
expected positions of the diffraction beams, are obtained for each of the wavelength components x 0 - X M 
according to the following equation (1). ~ 



30 



where j = 0, 1 .... M. 

Next, in a step 5, the positions xo - x N ofthe diffraction gratings 32o - 32 N are determined in 
correspondence to the laser diodes 33o - 33 N . and a step 6 is conducted subsequently for determining the 
grating pitches A 0 - A M of the diffraction gratings 32o - 32 N in correspondence to the laser diodes 33o -33m. 
35 according to the following equation <2). 

/li ^ s m 

n Q -{sin G 0 + sin [9 Q - tan" 1 ! **^ / ' )]} 



where i = 0, 1 N, k= 0, 1, ... N. 

Further, in a step 7, the. diffraction positions zo°. zi°. . . . z M °; zo\ zt 1 , . . . z M 1 ; - ♦ . zo N . zi M , - - • zm n are 
obtained for the wavelengths Xp, Xi , . . . X M of the optical signal components that are emitted from the laser 
diodes 33o - 33 N , according to the equation (3). 



50 * P^'t 

50 Zj 1 = y L + x^tan [6 0 - sin" 1 ( ^ ^ - sin e Q ) ] (3) 



where j = 0, 1 M, i = 0, 1, ... N. 

55 Further, in a step 8, it is checked if there holds a relationship 
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M ihfn, I . * e parame,ers « and herein the parameter i changes in .he ranqe from 0 to 
M. the parameter , changes in the range from 0 to N. and the parameter k changes in he anoe I S ° 
K The parameter, indicates a tolerance and is set to 0., mm in the foregoing examples oT^sST GO 

Tacl to:-! 9 ™ 9 , n6qUa,i,y " SatiSfied ' fh9 ° P,iCal Si9na ' ^Pon^l-^^f^SS^- 
reach the same pant z, as a result of diffraction by the diffraction gratings 32o - 32 H "*»engtn b 

reseLr*^ * **> 9 - conducted for 

repeatedly unti, the relationship SSZS^S^^. *" ,0fe9 °' n9 *«" 6 ' 8 ^ « « 
Next, a fourth embodiment of the present invention will be described with reference to FIG m 

^ wm uMiracuon gratings 32 0 - 32ioo in correspondence to the laser diode*; ^ i 

the dab ,31 and the construction of the optical switching device is simplified substantially 

In the device of the present embodiment, too. the optical beam emitted from any of the laser diodes 

z 10 o and A 0 -a, oo are determined by the processes shown in FIGS.14A and 148. ' 

TABLE II 



30 



<5 



50 



55 



LD#y(mm) 


x(mm) 


A(nm) 


PD# 


z(mm) 


#00.0 


147.97 


1744.78 


#0 


244.027 


#292.9 


151.12 


1692.98 


#29 


241.058 


#303.0 


151.22 


1691.33 


#30 


240.956 


#505.0 


153.10 


1660.00 


#50 


238.942 


#10010.0 


157.96 


1584.33 


#100 


234.017 



the l^'TnGiL^ec^^T^I^ 0 " °' *" ^ Swi,Chin9 device °« F,<3 - 15 - *™'*«y to 
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Referring to FIG. 17, the X/4 filter includes a first interference region 35a in which a first dielectric film 
and a second dielectric film are stacked alternately n times with respective thicknesses set to one-forth the 
wavelength of the incident optical beam, wherein a second interference region 35b formed of an alternate 
repetition of the foregoing first dielectric film and the second dielectric film for 2n times is provided on the 
5 first interference region 35a, with an intervening dielectric film 35c having a thickness corresponding to one- 
half the wavelength of the incident optical beam interposed between the region 35a and the region 35b. 
Further, the regions 35a and 35b are repeated a number of times with the dielectric film 35c intervening 
therebetween. 

FIG. 18 shows the transmission characteristics of the filter 35. 

io Referring to FIG. 16, rt will be noted that the filter shows a flat transmittance at the central wavelength for 
a range or band of several nanometers as indicated by a broken line, wherein the transmittance of the filter 
drops sharply when the wavelength of the incident optical beam falls outside such a central band. Thus, by 
combining the wavelength-dispersion of the optical switching device of FIG. 15 shown in FIG. 18 by one- 
dotted chain, it is possible to obtain the wavelength-dispersion characteristics shown in FIG. 18 by a 

*5 continuous line. By using such a construction, it is possible to suppress the cross-talk between adjacent 
channels by more than 30 dB. Further, the optical switching device having such the characteristics of 
FIG. 18. has an advantageous feature of tolerating minute deviation in the incidence angle of the optical 
signals to corresponding photodiodes. 

Further, the present invention is not limited to the embodiments described heretofore, but various 

20 variations and modifications may be made without departing from the scope of the invention. 

Claims 

1. An optical switching device having a plurality of input ports for receiving a plurality of waveleagth- 
25 multiplex optical signals, said optical switching device separating each of said plurality of wavelength- 
multiplex optical signals into a plurality of optical signal components each, having a wavelength 
corresponding to a channel of the wavelength-multiplex signals, such that each of said plurality of 
optical signal components is directed to a corresponding one of a plurality of output ports provided in 
correspondence to the wavelengths of the optical signal components forming said wavelength-multiplex 

30 signals, 

characterized in that said optical switching device comprises: 

an optical waveguide (31) formed of an optically transparent medium; 

a plurality of light emitting elements (33o - 33ioo) provided on said optical waveguide as said 
plurality of input ports, each of said light emitting elements producing a wavelength multiplex optical 

35 signal that includes therein a plurality of optical signal components having respective, mutually different 
wavelengths and injecting said wavelength-multiplex optical signal into said optical waveguide along a 
ray path that is pertinent to said wavelength-multiplex optical signal; 

a plurality of photodetection elements (34o - 34ioo) provided on said optical waveguide at 
respective positions that are offset from said plurality of light emitting elements as said output ports, 

40 said positions of said photodetection elements corresponding to the wavelengths of said optical signal 
components forming said wavelength-multiplex optical signals, each of said photodetection elements 
detecting a signal component that propagates through said optical waveguide and has a wavelength 
corresponding to the position of said photodetection element; and 

a plurality of diffraction gratings (32o -32i 0 o) each provided on said optical waveguide in correspon- 

45 dence to a ray path of a light emitting element included in said plurality of light emitting elements, for 
separating a wavelength-multiplex signal incidem^theretoralc^-saidTay-path, into a plurafrty-of optical 
signal components constituting said wavelength-multiplex signal, said diffraction grating causing a 
diffraction of said plurality of optical signal components thus separated to respective, corresponding 
photodetection elements that are included in said plurality of photodetection elements; 

50 wherein each of said plurality of diffraction gratings has a position on said optical waveguide and a 

grating pitch, such that said position and grating pitch are different from those of other diffraction 
gratings. 

2. An optical switching device as claimed in claim 1, wherein each of said plurality of photodetection 
55 elements (34o - 34ioo) is provided on said optical waveguide at a position <zo - zioo) determined such 

that a plurality of optical signal components each having a wavelength (Xo - Xioo) corresponding to said 
photodetection element, arrive at said photodetection element after experiencing diffraction at said 
plurality of diffraction gratings (32o - 32ioo). 
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£ ? , r ? deV,C . asc,a,nied in cla ™ I - herein each of said photodetection elements (34o ■ 
cl™ ° n / a,d ° PtiCal wave 9 uide < 31 > * a position determined such that an optica! Jnal 

component, dieted M one of said plurality of diffraction gratings (32o - 32, 00 ) and hav2 a 

t0 3 Ph ° ,0de,9C,i0n - > '° « P— ontren, 3 

4 ' Q K ratinSlr i, 3 h 2 in9 , d r iCe ^ C ' aim 1 ° r 2 " wherein each °' *** Plurality of diffraction 
gratings (32o - 32, 00 ) has a grat.ng pitch (Ao - A,„o) set such that optical signal components included 
insa.d plurality of optical signal components and having a common wavelength, are diffracted to one^ 
sa,d plural,* of photodetection elements that corresponds to said common wavelength 

5. An optical switching device as claimed in any of claims 1 - 4. wherein each of said pluralitv of 
diffraction gratings (32o - 32, 0 .) is provided on said optical waveguide at a position (xo ^ 00 T se I ch 
that wavelength-multiplex signals that are included in said plurality of wavelength-mSplex siqna s anS 
. k S f' d „ diffracti0n Qrati " 9 '™ «9ht ^i«ing elements included in said P .uS y P oni g nfemiWna 
r S* but d '" e ; ent from *° «Bhl emitting element corresponding to said difLrtion gra ng have an 

rsSoTffSnTaS " inddenCe an9 ' e °' ^ — Qth -'«P- »- -esZds 

6 ' Ji^S^JT*^" ^ c, iT d l any of claims 1 • 5 - Wherein each * said ^ - 

amracnon gratings <32q - 32i 00 ) is formed on a corresponding sloped surface ttin - ^1 w^* 

2S,h°mSS y t0 8 7 ^ ° f 3 — '^th-muitiplex signal thaHs |S£, S aid p.^a it ^ 
wavelength-multiplex signals and corresponds to said diffraction grating. 

7. Ar .optical s^tching device as claimed in claim 6. wherein said plurality of light emitting elements (33o 
JZ'SlZ? P „ 0n - afa * ^ SUrface (31a) "*» defines said opUcJl waveguide (31) wherein 
?3 ? wTa 2h*£ ^ Pr °H Vided ° n 3 S6COnd ' ° PP ° Sin9 ed9e SUrface < 31b > ° f saidoptica. wavegu.de 
Sw 7 rt P . COTO8 P° nd,n 9 to 8 P itoh ° f said light emitting elements on said first edge surface 
said plurality of sloped surfaces thereby forming a sawtooth. 9 ' 

* SWit ? hi "? 38 Claimed any ° f claims 1 " 5 - wherein said 0P«cal waveguide (31) has a 

common, single sloped surface (3ld) that intersects obliquely to a ray path of said wavelenSh- 

said plurality of drffrachon gratings (32, -32 100 ) are formed on said single common sloped surface in 
correspondence to said plurality of light emitting elements. P 

9. An optical switching device as claimed in claim 1. wherein said light emitting elements (33o - 33,„ n i 
e ' ementS * 33,00) " Pr ° VideS °" 8 COmm ° n -^la^ofSid 52 

10 ' £lS^ If"" 88 C,almed in C,aim 11 wherein P |uralit V °< "flht emitting elements are 

ElE^ " n t onduc,Dr substrate < 101 > ** h « predetermined mutual separation. arSSSTsaS 
sem.conductor substrate is adhered upon said optical waveguide (1 00). 

^ P J.° al SyritChi " 9 . d ? ViCe 38 daimed in c,aim «id plurality of photodetection elements are 

£^£^1*^"'^ SUDStrate (102) Wfth a P^termined mutual separation a^d wherein s^d 
semiconductor substrate is adhered upon said optical waveguide (100). 

12. An optical switching device as claimed in any of claims 1 - 11. wherein each of said pluralitv of lioht 
said light emitting element as said wavelength-multiplex optical signal. 

^ ^^fl?^„^ ^ H aimed in ° f C,3imS 1 * 12 ' wher * in said waveguide (31) 

sai^fLr^ i. TOrrespo r n< ? ence t0 ° ach <* pluraiity of photodetection elements such tha 

ohnt^ TJ^ r Y PaSSeS 3 h9ht beam having a wav ^'^9th corresponding to the wavelenojh of safd 
photodetection element on which said filter is provided. waveiengtn ot said 
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14. An optical switching device as claimed in claim 13, wherein said optical waveguide carries a plurality of 
notches (35) on an edge surface on which said plurality of photodetection elements are provided such 
that each of said notches corresponds to the ray paths of the optical signal components incident to said 
photodetection element corresponding to said notch, each of said notches is defined by a surface that 
intersects substantially perpendicularly to said optical signal components, and wherein said surface 
carries thereon a layered structure (34n m , 34n m+1 ) that forms said filter. 

15. An optical switching device as claimed in claim 1, wherein said light emitting elements and said 
photodetection elements are disposed on said optical waveguide (100) to form a plurality of layers such 
that said diffraction gratings separate said wavelength-multiplex optical signals emitted from said light 
emitting elements into respective optical signal components in each of said plurality of layers, and 
wherein said diffraction gratings diffract said optical signal components to corresponding photodetection 
elements in each of said plurality of layers. 
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FIG. 2 PRIOR ART 
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FIG.4 
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FIG. 11 
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FIG. 12 
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FIG. 14B 
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